A Gram-stain-negative, cream-pigmented, aerobic, non-motile, non-spore-forming and short-rod-shaped bacterial strain, designated CAU 1123 T , was isolated from mud from reclaimed land. The strain's taxonomic position was investigated by using a polyphasic approach. Strain CAU 1123 T grew optimally at 37 C and at pH 7.5 in the presence of 2 % (w/v) NaCl. Phylogenetic analysis based on the 16S rRNA gene sequence revealed that strain CAU 1123
within the family Rhodobacteraceae with 93.8 % or lower sequence similarity to representatives of the genera Rubrimonas, Oceanicella, Pleomorphobacterium, Rhodovulum and Albimonas. The major fatty acids were C 18 : 1 !7c and 11-methyl C 18 : 1 !7c and the predominant respiratory quinone was Q-10. The polar lipids were phosphatidylethanolamine, phosphatidylglycerol, two unidentified phospholipids, one unidentified aminolipid and one unidentified lipid. The DNA G+C content was 71.1 mol%. Based on the data from phenotypic, chemotaxonomic and phylogenetic studies, it is proposed that strain CAU 1123 T represents a novel genus and novel species of the family Rhodobacteraceae, for which the name Limibaculumhalophilum gen. nov., sp. nov. The type strain is CAU 1123 T (=KCTC 52187 T , =NBRC 112522 T ).
The family Rhodobacteraceae was first established by Garrity et al. [1] as a member of the class Alphaproteobacteria (order Rhodobacterales, phylum Proteobacter). The names were validated in Validation List 107 [2] . The class Alphaproteobacteria contains the most abundant bacteria from marine environments and the family Rhodobacteraceae is also exclusively marine or hypersaline, with described isolates demonstrating salt tolerance [1, 3] . There are approximately 105 recognized genera in the family at the time of writing (www.bacterio.net/). Most members of the family originate from marine environments, such as seawater, sediments, marine snails, marine hot springs, marine phytoplankton and marine sponges. Only 14 genera, including Actibacterium [4] , Hasllibacter [5] , Huaishuia [6] , Lentibacter [7] , Oceanicella [8] , Planktotalea [9] , Poseidonocella [10] , Defluviimonas [11] , Epibacterium [12] , Litorisediminicola [13] , Pararhodobacter [11] , Pelagimonas [14] , Pleomorphobacterium [15] and Profundibacterium [16] , have been described in the last 5 years. In the course of screening the bacteria off the west coast of the Korean peninsula, strain CAU 1123 T was isolated from a mud sample from reclaimed land in Modo (37 32¢12 .28¢ N, 126 24¢51.47¢ E), Republic of Korea. The aim of the study was to establish the taxonomic position of strain CAU 1123
T by using a polyphasic study that included the determination of phenotypic and chemotaxonomic properties along with a detailed phylogenetic analysis based on 16S rRNA gene sequences.
Selective isolation of strain CAU 1123
T was performed according to Gordon and Mihm [17] by using the standard dilution plate technique. The appropriate dilutions were spread on marine agar 2216 (MA; Difco) plates and incubated under aerobic conditions at 30˚C for 10 days. A single colony of strain CAU 1123 T was purified by streaking several times until pure culture was formed on MA at 30 C. The strain was preserved at À80˚C in marine broth 2216 (MB; Difco) supplemented with 25 % (v/v) T was amplified using PCR with 27F and 1525R primers [18] . Multiple alignments with sequences of a broad selection of Rhodobacteraceae and calculation of sequence similarity levels were determined by using the CLUSTAL_X 2.1 program [19] and the EzTaxon-e server (http://www.ezbiocloud. net). Evolutionary distance matrices were created using the neighbour-joining method [20] . Phylogenetic trees were generated by using three different methods: the neighbour-joining [21] , least-squares [22] and maximumlikelihood [23] algorithms in the PHYLIP package [24] . The bootstrap resampling values, based on 1000 replicates, were calculated using SEQBOOT and CONSENSE programs from the PHYLIP package [25] . The G+C content of the genomic DNA was determined as described by Tamaoka and Komagata [26] using reversed-phase high-performance liquid chromatography (HPLC). The G +C content was calculated by the ratio of deoxyguanosine to thymidine using standard DNAs according to the method of Mesbah et al. [27] .
The nearly complete 16S rRNA gene sequence (1403 bp) was obtained and compared with reference sequences available in the GenBank database. Phylogenetic analysis based on the 16S rRNA gene showed that strain CAU 1123 T belonged to the family Rhodobacteraceae and formed a separate deep lineage with the recognized species of Rubrimonas, Oceanicella, Pleomorphobacterium, Rhodovulum and Albimonas (Fig. 1) . The trees reconstructed by using the leastsquare, maximum-likelihood and maximum-parsimony algorithms presented a similar topology (data not shown). Strain CAU 1123 T showed very low levels of 16S rRNA gene sequence similarity to type strains of the most closely phylogenetically related species in the family Rhodobacteraceae: R. cliftonensis OCh317 T (similarity 93.8), O. actignis PRQ-67 T (similarity 93.0 %), P. xiamenense CLW T (similarity 93.0 %), Rhodovulum marinum JA128 T (similarity 92.9 %) and Albimonas pacifica P-50-3 T (similarity 92.8 %). 16S rRNA gene sequence similarities to all other species of the family Rhodobacteraceae were below 92.8 %.
Strain CAU 1123
T and five reference strains, R. cliftonensis
sulfidophilum Hansen W4 T , and A. donghaensis DS T were
Rhodovulum steppense A-20s T (EU741680)
Rhodovulum strictum MB-G2 T (D16419)
Rhodovulum viride JA756 T (HE983843)
Rhodovulum sulfidophilum Hansen W4 T (D16423)
Rhodovulum mangrovi AK41 T (HG529993)

Rhodovulum iodosum N1 T (Y15011)
Confluentimicrobium lipolyticum SSK1-4 T (KJ889015)
Rhodovulum marinum JA128 T (AJ891122)
Pseudoruegeria aestuarii MME-001 T (KP410678)
Pseudoruegeria sabulilitoris GJMS-35 T (KJ729032)
Pseudoruegeria aquimaris SW-255 T (DQ675021)
Oceanicola litoreus M-M22 T (JX291104)
Rhodobacter veldkampii Hansen 51 T (D16421)
Albidovulum xiamenense YBY-7 T (HQ709061)
Albimonas donghaensis DS2 T (DQ280370)
Amaricoccus kaplicensis Ben101 T (U88041) Oceanicella actignis PRQ-67 T (JQ864435)
Pleomorphobacterium xiamenense CLW T (HQ709062)
Limibaculum halophilum CAU 1123 T (KX774334) cultivated on MA at their optimal growth temperatures to determine their morphological, physiological and biochemical properties. Cell morphology was observed by light (DM 1000; Leica) and transmission electron (TEM; JEM 1010, JEOL) microscopy using cells from the exponential growth stage in MA at 37 C. For TEM purpose, a small drop of bacterial suspension was put on a grid and stained with 1 % (w/v) phosphotungstic acid. Motility was examined by using MA soft agar (0.3 % agar) and gliding motility was evaluated with cells on microscopic slides coated with MA (0.7 % agar) using the hanging drop method [28] . The Gram reaction was tested using a Gram staining kit (bioM erieux). Oxidase activity was examined by 1 % (w/v) tetramethyl-pphenylenediamine and catalase activity was determined by bubble production in 3 % hydrogen peroxide [29] . Growth at various temperatures (4-45 C) was assessed using an aerobic incubator (MIR-253, Sanyo) and an anaerobic chamber (Bactron, Sheldon) using a streaked MA plate after 5 days incubation. The pH value for growth was examined at 37 C in MB adjusted within a pH range of 4.5-11.5 (at intervals of 0.5 pH unit) and values were confirmed again and adjusted using sodium acetate/acetic acid, Tris/HCl and Na 2 CO 3 buffers after autoclaving. Growth with NaCl was investigated at 37 C at a range of 0-15 % (w/v) by supplementing MB with an appropriate concentration of NaCl, which was prepared according to the formula of the BD medium except that NaCl was excluded. Hydrolysis of casein, starch and urea were tested as described by L anyí [30] and Smibert and Krieg [31] . Acid production from carbohydrates and other biochemical characteristics were examined using API 20E and API 20NE (after 24 h), and API 50CH (after 48 h; bioM erieux). Enzyme activities were investigated by using API ZYM (bioM erieux) after 24 h.
Rubrimonas cliftonensis
The detailed morphological, cultural, physiological and biochemical characteristics of strain CAU 1123
T are presented in Table 1 and in the species description. Strain T was observed at temperatures between 20 and 40 C (optimum, 37 C) and at pH 6.5-9.0 (optimum, pH 7.5) in the presence of 0-7 % (w/v) NaCl (optimum 2 %). 
Chemotaxonomic properties of CAU 1123
T and five reference strains were cultured and compared under the same conditions. For fatty acid analysis, all strains were harvested from MA after cultivation at 37 C for 3 days. The physiological age of the bacterial cell was normalized by observing growth development during incubation of the cultures and choosing the moment of harvesting according to the standard MIDI protocol (Sherlock Microbial Identification System version 6.1). Fatty acids were extracted using the method of Minnikin et al. [32] and separated by using a 6890 N automated gas chromatography system (Agilent Technologies) and identified by using the Microbial Identification software package (MOORE library version 5.0; MIDI database TSBA6). The polar lipids of strain CAU 1123
T were analysed by twodimensional thin-layer chromatography (TLC) according to the method of Minnikin et al. [33] . The plate was sprayed with various staining reagents: 10 % ethanolic molybdatophosphoric acid (for the total lipids); molybdenum blue (for phospholipids); ninhydrin (for aminolipids)l and a-naphthol/sulphuric acid reagent (for glycolipids; Sigma-Aldrich). Isoprenoid quinone was extracted according to Komagata and Suzuki [34] and separated by HPLC using an isocratic solvent system [methanol/isopropyl ether (3 : 1, v/v)] and a flow rate of (1 ml min
À1
).
The fatty acid profile of strain CAU 1123 T is shown Table 2 . The major fatty acids were C 18 : 1 !7c and 11-methyl C 18 : 1 !7c. Cells are aerobic, short-rods which do not form spores. Catalase-and oxidase-positive. The Gram reaction is negative. Q-10 is the predominant ubiquinone and C 18 : 1 !7c and 11-methyl C 18 : 1 are the main fatty acids. Phylogenetically, 16S rRNA gene sequence analysis classifies the genus Limibaculum in the family Rhodobacteraceae. The type species is Limibaculum halophilum.
DESCRIPTION OF LIMIBACULUM HALOPHILUM SP. NOV.
Limibaculum halophilum (ha.lo'phi.lum. Gr. n. hals, halos salt; Gr. adj. philos loving; N.L. neut. adj. halophilum salt loving referring to the requirement for salt).
Cells are Gram-stain-negative, non-motile and short rods approximately 0.6-1.3 µm in diameter and 1.2-1.9 µm in length. Optimum growth occurs at 37 C and at pH 7. 
